Rn) survey at a workplace in a public building in the town of Diva~a, Slovenia, showed radon concentrations as high as 20,000 Bq m -3 , with average values of 9020 Bq m -3 in winter and 2890 Bq m -3 in summer. The main radon source is an under-floor channel connecting rooms on the ground floor. Elevated radon levels at the site are possibly related to a fracture zone connected to a nearby fault.
Kratka vsebina
Meritve radona ( . Glavni vzrok povi{anih koncentracij radona v zraku v prostorih je ja{ek, po katerem so speljani komunikacijski kabli med prostori. Povi{ane vrednosti na tem obmo~ju so verjetno povezane z razpoklinsko cono neposredno pod objektom.
eventually reaches the atmosphere. Radon levels in the environment depend on the geology of the region (the content of U-Ra isotopes), geological structure (the permeability of soil), seismic activity and hydrometeorological parameters (soil and air temperature and humidity, barometric pressure, rainfall). This provides the basis for using radon in geological, tectonic and seismic research, although the main scientific interest is directed toward its detrimental effects on human health, being aware that more than half the effective doses from all natural radioactive sources are caused by breathing in air contaminated by radon and its radioactive descendants (UNSCEAR, 2000) . Of the three radon isotopes, only 222 Rn is usually of concern, as it appears at considerable le- (ULRS, 2004) have been found in several public and private buildings. For this study a public building was selected, and radon monitored in various seasons in indoor air at workplaces and in soil gas nearby. The dependence of indoor radon concentration on geology and environmental parameters (temperature and barometric pressure) is discussed.
Geological characteristics of the site
The investigated area is part of the Karst and is located in the south-eastern part of the Trieste-Komen plateau, in Diva~a ( Fig.1) . Structurally, the area belongs to the External Dinarides (P l a c e r, 1999) which are divided into more lower-order structural units. The northern, structurally highest, is Trnovo nappe and is underthrusted towards the south by Hru{ica nappe, Sne`nik thrust sheet, Komen thrust sheet, Koper thrust fault and the Istrian autochthon (P l a c e r, 1981). The Karst belongs to the Komen thrust sheet and, more precisely, to the Trieste-Komen anticlinorium.
Palaeographically the Karst area belonged to the Dinaric Carbonate Platform (B u - The Trieste-Komen plateau is composed predominantly of Cretaceous beds which are in contact locally with the Palaeogene beds ( Fig.1) (Buser, 1973; Pleni~ar, 1973; J urkov{ ek et al., 1996) . Sedimentary rocks of this area are predominantly carbonates and, rarely, clastites. In the southern part of the Trieste-Komen plateau, Cretaceous and Paleocene succession was divided into seven formations (Jurkov{ek et al., 1996) . In the Diva~a region the Cretaceous Se`ana, Repen and Povir Formation were recognized and are separated from the Palaeocene Liburnian Formation by the Diva~a fault. Formations are characterized predominantly by limestone, and exhibit solution porosity, which is most intense in fissured zones.
The most significant structure of the investigated area is the Diva~a fault in the NW-SE direction. Its kinematic development is very complex (Jurkov {ek et al., 1996) . During the Cretaceous-Palaeocene compression in the first phase it was a reverse fault with an overthrusting tendency towards the south-west. During the relaxation of regional pressures, it acquired the characteristics of a normal fault. In the Neogene and Quaternary it evolved into a strike-slip fault because of the compression in the north-south direction.
The Diva~a fault, as the main regional structure, is considered to be the predominant influence on the structural characteristics of the investigated area. From the structural mapping around Diva~a we defined two smaller scale NW-SE (dinaric) faults which are parallel and situated south-west of the Diva~a fault. Fissured zones exist in the north-south direction, between the dinaric faults, and are very probably the result of a local extensional tectonic regime. Fissured zones are considered to be potential migration routes of radon and the building with the highest radon levels is situated directly above one of them. A structural map of the site is shown in Fig. 2 .
Experimental

Description of buildings surveyed
This study was carried out in a public building in Diva~a in which our previous radon survey had shown elevated indoor air radon concentrations (Va u p o t i~ et al., 2004). The building is more than 150 years old, built mainly of stone. The entire complex is composed of a main two-storey building to which two smaller one-storey sidebuildings are attached at each end, and a small one-storey building about 50 m away from the others. In these buildings, indoor radon concentrations at workplaces greatly exceed 1000 Bq m -3 , and thus present a real radon problem to be mitigated. Although in our study radon has been thoroughly investigated in all rooms, in this paper we limit our attention only to the TKC room, as an example of how to find and identify the main radon source in a room with elevated indoor radon concentration. The room is on ground floor with no basement underneath. The rooms on the ground floor are connected to an under-floor channel that conveys electric, telephone and communication cables, and runs, in the front courtyard, at a level below the concrete floor, all along the building complex. The channel is 1 m deep and 30 cm wide with a total length of about 100 m. It is constructed of coarse concrete. The exit of the channel into each room is covered by a simple metal cover, not tightly sealed. The TKC room has no air-conditioning and is ventilated only by opening windows and door. During winter, the room is heated with hot-water radiators connected to a central heating system based on oil. Working hours are from 7 a.m. to 3 p.m every day, including weekends. In addition to the indoor air of the TKC room, radon was monitored in soil gas in an 80 cm deep borehole drilled in the garden close to the TKC room.
Radon measurement devices
To observe fluctuations of radon concentration in the indoor air and in air in the channel, portable Sarad EQF3020 and RadonScout devices (manufactured by Sarad, Dresden, Germany) were used. They measure concentrations of activity (hereafter simply called concentrations) of radon and radon short-lived decay products, as well as air temperature and relative air humi-dity (S t re i l et al., 1996) . The frequency of sampling and analysis was once every two hours.
Radon in soil gas was monitored with a Barasol MS450 probe (manufactured by Algade, Bessines, France). Once every hour, it measures and records radon concentration, barometric pressure and soil temperature. The devices were calibrated on purchase and then recalibrated every two years by the manufacturer, and are checked regularly at the inter-comparison experiments organized annually by the Slovene Nuclear Safety Administration (Kri`man, 2001 ). 
Results and Discussion
Diurnal variations of indoor radon concentration in the TKC room in winter and summer 2006 are shown in Figs. 3a and 3b, respectively. It can be seen that instantaneous values can reach values as high as 10,000 Bq m -3 and very rarely fall below the national limit of 1000 Bq m -3 ( but neither of these during working hours), with average values of 9020 Bq m -3 and 2890 Bq m -3 , respectively. As expected (Va u p o t i~ et al., 1998), concentrations in summer were lower than in winter. Because of occupation 7 days a week, no increase was observed during weekends (Va u p o t i~, 2002), i. e., February 4-5, February 11-12, February 18-19, February 25-26, July 29-30 and August 5-6. Soon after the first inspection, the underfloor channel was suspected to be the main source of the high indoor radon concentration. This was confirmed by simultaneous radon monitoring in the room and channel. Radon levels in the channel were followed by radon levels in the room without measurable time delay (Fig. 4a) . Radon concentration in the room was only three times lower than in the channel, demonstrating that the metal cover of the channel is a poor barrier for entry of radon into the room. Fig. 4b compares radon concentrations in the channel air and in soil gas. In the period of June 2-12 the values are similar. After this, soil gas values decrease while the channel values increase, showing pronounced fluctuations between less than 100 Bq m -3 up to as high as 20,000 Bq m -3 . This may be explained by an increase in outdoor air temperature, which produces an increase in radon exhalation from the ground. This resulted in a lower soil gas concentration in the upper 60 cm layer and in enhanced radon accumulation in the channel. Fig. 4c shows that minima in radon concentration in the channel air coincide, with only a short time delay, with maxima in outdoor air temperature. When, on a sunny day, the outdoor air temperature reached 30 °C, the temperature of the concrete slab above the channel in the courtyard reached even higher values. Because the indoor air temperature in the TKC room is kept below 25 °C, this temperature difference causes a �chimney effect' in the channel, producing a draught of air from the courtyard towards the room, thus sweeping radon-rich air from the channel into the TKC room and, further, into the outdoor air. When the outdoor air temperature starts to decrease in the afternoon, the temperature difference in the channel steadily decreases, air draught is reduced and eventually stopped (or minimised), and radon starts to accumulate to reach its highest concentration during the night.
Because the under-floor channel is known to be the main radon source, the problem in the TKC room (and also in other rooms of this building complex) could be successfully mitigated by either closing the channel exits into the room (by completely sealing the cover) or by installing a fan into the channel to periodically ventilate the channel and thus prevent radon from accumulating. Undertaking mitigation measures is beyond the scope of this work and will be dealt with in a separate project.
Conclusions
Our survey in the TKC room of a public building in Diva~a has shown that radon concentrations in the air at a workplace may easily reach values up to 10,000 Bq m -3 , in which case they are likely to fall very rarely below the national limit of 1000 Bq m -3 for workplaces. These elevated values are presumably related to the fracture zone that connects the two smaller-scale dinaric (NW-SE) faults which are parallel to the main structure of the area, the Diva~a fault. The main radon source in the building is the under-floor channel connecting the rooms. In order to mitigate radon problem, the channel should be either ventilated with a fan to prevent radon from accumulating in the channel or completely isolated to prevent radon from entering the room.
